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[57] ABSTRACT 

An image data memory contzo] unii for storing the image 
data of a plurality of planes in a multiport video memory 
including a memory conqK>ncnt having a random port for 
leading and writing data therethrough in response to input 
address signals and a register oon4>onent liaving a serial pest 
for outputting data that have been stored in tfie mcmofy 
component serially in sequence from the lower address in 
synchronicity witti input clock signals, oonoprises an image 
processor for outputting address signals in which the most 
significant bit portion is a plane recognition bit portion that 
recognizes ttie plurality of planes* and for ou^utting the 
image data of the plurality of planes dieretfarough to the 
multipGft video memory in response to the address signals; 
and address conversion unit for converting the address 
signals ouQxit firom the image processor so that the plane 
recognition t»t pcrtion is nK>ved to tiie least significant Nt 
pcMtion, and Ae remaining bits are shifted to higher signifi* 
cant bits following tlie least significant bit portion. 
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IMAGE DATA MEMORY CONTROL UNIT 
BACKGROUND OF THE INVEOTION 

1. Bdd of the Invention 

The present invention relates to an improved system of 
storing image data for a miiltiport video memoiy used for a 
display memory. 

2. Descr^on of the Related Ait 

A device lefened to as a multiport video RAM, as 
depicted in FIO. 10, has recently been attracting attention for 
display memory* 

The multiport video RAM coizipiiscs a RAM conaponent 
100 constructed of an ordinary IHtAM mcmwy cell and a 
SAM conqxtnent 110 constructed of a daU register. The 
RAM continent 100 and the SAM component 110 have 
sq>arate ports. The RAM component 100 and SAM oomr 
ponent 110 can be operated nonsynchronously in completely 
independent fashion. As such, the random port side of the 
RAM component lOO is used to read and write image 
processor data, and Uie serial post side of the SAM compo- 
nent 110 is used for the di^lay of a display device such as 
a CRT. Since these conations can be managed in conq>letely 
independent fashion, more efficient video memoiy can be 
realized. 

The RAM co]i4>Qnent 100 in the multiport video RAM 
has an address port tfarough which data arc read and written 
by means of address signals while the SAM conqMnent 110 
is synchronized with a predetermined clock signal, not 
address signals and tbc data arc sequentially output from the 
lower address. That is, counter opmtions involving sequen- 
tially incremented dock signals are executed in the SAM 
component 110, and data are read out in sequence from the 
lower address according to the count signals. In the multi- 
poet video RAM, data are transported in units of a specified 
number of bits (1024 bits, for example) from the RAM 
CQmponent 100 to the SAM component 110. 

Conventionally* there ate plane type and padced pixd 
^pe methods for storing image data in a display memory. 

FIO. 11 shows a plane type in which a di^lay OMmory is 
configured so that the information in one word is 16 bits of 
information on a single memory plane. 

FIG. 12 ^ows a packed pixel type in which a di^lay 
mionory is configured so that the informatioa in one wctd is 
one or several pixels of infomiation. 

Image processing is easier with the plane type in which 
the data in the same plane are located in continuous 
addresses, than with die packed pixd type, and the plane 
type is consequently used more frequently. 

However, because the addresses for the data of each plane 
are far apsai when the plane type storage method is ^lied 
to the mult^Kxt video RAM depicted in FIG. 10, it is 
necessary to set up one mnltqxxt video RAM for each plane 
in order to read out the data of each plane in parallel in a 
short period of time per one word unit or one byte unit That 
is, even when the data of several planes are stored in a single 
nuiltiport video RAM, die manner of ou^ut frcan the serial 
port of the multiport video RAM is sequentially read out 
from the lower address according to the dock signals, 
making it impossible for the data of the several planes to be 
read out in a short period of time per one word unit or one 
byte unit 

With recent increases in the c^adty of video RAM, it has 
become possible to store the image data of several planes in 
a single video RAM, at least as fsr as memory capadty is 
concerned, and there is a need for a storage method that 
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would allow video RAM having such a greater capacity to 
be used more effectively. 

SUMMARY OF THE INVENTION 

^ In view of the foregoing, it is an object of the present 
invention to provide an image data memory control unit 
which would allow images to be processed using plane type 
mcmtny and which would allow die image data of a plurality 
of planes stored in a single multiport video memory to be 
output virtually simultaneously in units of a prescribed 
number of bits. 

Id the present invention, an image data memory control 
unit for storing the image data of a plurality planes in a 

15 multiport video memory induding a memory component 
having a random port for reading and writing data there- 
through in repose to input address signals, and a register 
con^nent having a serial port foi ou^utting data that have 
been stored in the memory con^oent serially in sequence 

2P ftom die lower address in synchronicity with input dock 
signals, coirqviscs an image processor for outputting address 
signals in which die most significant bit portion is a plane 
recognition bit portion that recognizes die plurality of 
planes, and for ou^wtting die image data of the plurality of 

25 planes therethrough to die multipart video memory in 
re^xmse to the address signals; and address convenion 
means for converting die address signals output from the 
image processor so that the plane recognidon hit portion is 
moved to the least significant bit portion, and the remaining 

30 bits are shifted to hi^er significant bits foUowhig die least 
significant bit portioii. 

According to the present invention, the image data of a 
Surdity of planes are stored together In the miiltqiort video 
memory in a prescribed sequence in units of a prescribed 

35 number of bits by means of a prescribed address convcrsioD, 
allowing the image data of this f^urality of planes to be 
ou^ut virtually simultaneously in units of a prescribed 
number of bits, and allowing die image data <^ die plurality 
of planes to be stsxed in a single multiport video memory. As 

40 a result, multiport video memory can be used effecdvely. and 
since the multiport video memory is contrc^ed tyy an image 
processor using the same plane types as in the past, existing 
software can be used without modiiicatLon. 

45 BRIEF DESCaUFnON OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an embodiment of 
an image date memory control utdt according to the present 
invention; 

FIG. 2 illustrates the particulars of address conversion; 

FIG. 3 illustrates the particulars of storage before and 
after address conversion; 

FIG. 4 illustrates a display screen divided into upper and 
lower halves for double scanning; 

FIG. 5 iUustrates the particulars of address conversion 
when inuige data for double «^""*"g are stored; 

FIG. 6 illustrates the particulars of video memory storage 
based on the address conversion shown in FIG. 5; 

FIG. 7 illusbrates die particulars of address conversion for 
when color image data fcM- double scanning are stored; 

FIG. S illusurates die particulars of video memory stored 
by the address conversion shown in FIGS. 7 and 9; 

FIG. 9 illustrates another example of the particulars of 
55 address conversion when color image data for double scan- 
ning are stored; 

FIG. 10 illustrales a nuiltiport video RAM; 
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FIG. U aiustntes a plane type storage: and the multlport video memoiy 4 described above. No address 

FIO. 12 illusiiates a packed pixel type storage. conversion is executed during the qperatloDS (2) and (3). 

DESCRinTON OF Tim PHFFRRiiFn f* *° 1^°' ^ ^ piw»nve«ion 

DBSCRlFnoN OF THB PREFERRED address signals ooqwn from address tenninai A in the image 

EMBODIMBNTS 5 procxsssor 1 are A«tlitQag}i An totaling to iH-lbits.Ihe most 

The present inveatioo is desaibcd in detafl below wMi significant two hits An and An-1 are plane recognition Wts 

rrference to preferred einbodiments iUustrated in the recognizing die four planes R, O, B and S. With the 

qjpended drawings. re m ai nin g address bits At through An-2. die dMa of each 

FI0.1illustratcsananbodimentofd«ptesentlnventfon. ,„ 2Z ' 
This assumes a case in whit* 16«>lor di^lay is executed S^^!! I'^*!!."'^ c«ive«ioo plane type address 
with four planes R. G. B. and S of image datL ^S^*^** four planes of image date are stored m one 

. , , . ^ well-defined region for each plane, as shown in the left 

An Image processor 1 is used to control the display based portion of EBO. 3. m HG. 3, when one word is 16 bits, 
onresto sajnmng. Cbnirol signals sudi as horizontal and is^a image data are stored as Wnaiy daU in one word 
ve»t.ajl5yn.±fonmngsigii^ 15 storage regions. Thus, address signals An through AO. where 

^ "f image data « mpot v« an fte two most significant Wts Ai and An-1 s^ as plane 

mput-output tmmnal D to a mnltipoct video memoiy 4. recognition hits for recognizing the four planes R.G.B. and 
i^^ii^t^l.SSX'LtZ the hnagc^scTto the address 

SS:n:LiS^^onti'£Sn^^^ " ln.«.a^s»nve^3.,headdresssigni^thr«^^ 

ij»^r:rs,oredin,he,*anet,peiU„s.„tediSSG.U ^vSnt^etn^^ ii ^Tai^SS: 

^ ^ post-address convcni<w address signals are input to the 

TTie address oonvcitcr 3 executes the address convosion, multqMwt video mamxy 4 

Thatis,intheaddiesscoiivcto,asshowninnG.2,plane 

iJl^.'^f ^.T"? "^^^ recognition bits composed of the two most signmcakVhto 

'"^"f /^^'^i^*^'^ '^'''''^^^ >3lAii-l amongSe^Sdress signal AO th^^L^ 

^^i^^f^lT^ "^f^H^n"^ ^* fronitheimagepro^sorlarem^tothelea^^^ 

TlusaddressconvefSK>nisdrscribedingreaterdetanbelo^^ two Wts, and the icmaining address Wts A« 

The control circuit 2 controls the ii^t and oa^utrf die ^ are shifted to lhcn€3rt least rigoificamWt portions following 

image d^ in the video mem(^ 4 based on control signals these two least significant Wts 

Mich as horizontal or vertical sjwhroniang ^f^mpat TMs address oonvcwion allows Ihc four planes of ii^ 

from the image proce^ 1 so that ^e desired di3)lay is datotobeactuaUy leoordedin thcconfiguiah^n^ 

achieved on a connected display not shown in the figure. right pcitloo of HG. 3, that is, a confij™^^ 

The multipCTt video memory 4 has a memory ccmqxwcnt four planes of image dau are combined in one went units, 

ItO with a random access port and a register component 110 in the memory component 100 of the multfoort video 

with a serial port, as shown in FIG. 10 above. In ttds case, memory 4. 

Acmemoiycomponcntmhasthecapadtytoallowatlcasl The four irfancs of image data stored in the cooflguration 

four planes of miage data to be st«Hed ^ shown in RG. 3 in the manofy con^wnent 100 are trans- 

The multiport video memory 4 involves the three follow- mitted in sequence in increments of the prescribed number 

ing primary operations. of words fromthe lead address to the register coiiq>onent 110 

(1) Data Read/Write Operations Between Image E^oces- ^ means of the transfer operations from the memory 
SOT 3 Via Random Port con^nent 100 to the register component HO. The image 

Data are read and written fcM^ designated addresses In Uie 43 <^ transmitted to the register compoaent 110 arc then 

same manner as access for ordinaiy dynamic memory. output one word at a time in sequence fr<xn die head address 

(2) Data Thmsmissiiai Opcmions Ftom Memory Com- synchronidty with the prescribed dock signals, 
poncnt 100 to Register Component 110 ""^ address conversion described above allows the four 

serial Data Oj«put Prom Register Com,«nent UD ^S^Z Z^LT^^^. t 

Data accumulated in the register component are ou^ be stotedin a single multiport video memory 4.andalk>wing 

sequentially in synchronicily with input dock signals. the image data of &is pluraUty of planes to be output 

A latch 5 tenqxxrarily latches the four planes <^ image data 35 virtually simultaneously in one word units, 

input via the serial port of the multiport video menKxy 4, and Next, as shown in HG. 4. die present invention can be 

diis output is siq)plied to a data converaon droiit 6. In the ad^Med to double scanning mediods to enhance screen 

data conversion circuit 6. die number of bits of iiq>ut image brightness, where the display is divided into an uppa area 

data is app«tioned two or four Wts at a time and is UA and lower area DA. That Is, when a CRT controUer is 

transmitted, so that it can be ou^ut to a display, or color «, used to drive a flat display sudi as EL or liquid crystal, or 

processing is executed Co combine the four planes of image when die screen is a large screen, the brightness of the screen 

data into pixels, or the like, and die ou^ is suppUed to a is diminished unless raster scanning is executed at a speed 

^spl^y, t^ice that of the CRT display, so double scanning mediods 

The address conversion executed by the address converter &re applied, where single scanning gi gnaig are devdoped 

3 is described in detail bdow. The ft^owing address con- 65 into double scanning rignals and ou^xit to the display, 

version is executed by the address converter 3 only during When the present invendon is adapted to such double 

die readAwrite operaticm (1) among the three operations cf scanning type monochrome display, the address conversion 
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depicted in FIG. 5 should be executed by the address 
converter 3. Naturally, in the case of monochrome di^lay, 
only a single plane <^ image data is output fimn the image 
processor 1. 

That is, in such cases, where Ak represents an upper/lower 
area recognition bit for recognizing data of the upper area 
UA and lower area DA among the address signals An 
throusli AO output from foe image processor 1 (Ak+1 
ttiroui^ An are firee bits), the upper/lower area recognition 
bit Ak which is essentially in the most significant position is 
moved to the least significant position bit« and the remaining 
address bits AO throu^ Ak-1 are shifted to the next least 
significant bit portions following this lowest bit 

This address conversion allows the upper screen image 
data and lower screen image data to be alternately stored in 
one word units, as shown in FIG. 6. in the video memoiy 4, 
thus allowing double scanning upper screen data and lower 
screen data to be stored in one muMport video memc^ 4, 
and allowing these upper screen image data and lower 
screen image data to be ou^t virtually simultaneousiy in 
one word units. 

In detennining the storage address f<x the multipoct video 
memory 4, the storage start address of the mult^xvt video 
memory 4 cocresponding to the lead word Da of the i^per 
area UA is determined in such a way that the address for the 
final word De in the upper area UAdq>icted in FIG. 4 is Ak 
throu^ A#-01 1 1 ... 1 vfialt the address for the lead word 
Ds in the lower area DA is Ak through Aft=1000 ... 0, and 
the data in each word fnm the start address are stored 
oontinjQously. This address method allows die upper and 
lower areas to be recognized by the Ak bit» mespoddve of 
the number ci pixds that are to t>e displayed, and allows 
double scanning image data to be stored in a oontimioas 
address region. 

The pteseat inventloD also can be adapted lo douUe 
scanning methods in color image diq^^lay using a plurality of 
planes. Bxanq)les of address conversion for this case are 
depicted in FIGS. 7 and 9. 

FIG. 7 is of a case involving four planes. In this case, the 
iqiper and lower area recognition bit Ak from among the 
address signals An through A# output from die image 
processor 1 is moved to the least significant positioo bit^ the 
fAanc recognition bits conqx>scd of the two most significant 
bits An and An- 1 are moved to the next two least significant 
bits following the least significant position bit, and die 
remaining address bits A# through Ak-1 and Ak+1 through 
An-'2 are shifted to the next least significant bit portions 
following the least significant three bits just described. 

This address conversion allows the four planes of upper 
screen and lower screen image data to be stored together in 
one wcrd units, as shown in the left and center portions of 
FIG. 8. in the video memory 4, thus allowing the multiple 
]^ancs of upper screen data and lower screen data for double 
scanning to be stored in a single multiport video memory 4, 
while also allowing the multiple (rfanes of upper screen data 
and lower screen dau to be output viimally simultaneously 
in one word units. 

FIG. 9 is a variant of FIG. 7. In this case, the jdane 
leoognition bits oon^sed (rf the two most significant bits 
An and An-1 from among the address signals An through AO 
ou^t from the image processor 1 are moved to the two least 
significant position bits, the upper/lower area recognition bit 
Ak is moved to the next least significant bit following these 
two least significant position bits, and the remaining address 
hits At through Ak-I and Ak+1 through Att-2 are shifted to 
the next least significant t»t portions following the least 
significant diree bits just described. 
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This address conversion allows the four planes of upper 
screoi and lower screen image data to be stored together in 
four word units, as shown in the left and right portions of 
FIG. ft, in the video menxoy 4, dius allowing the multiple 
5 pUnes of upper screen data and lower screen data for double 
scanning to be stored in a single multiport video memory 4, 
while also allowing the multiple planes (tf upper screen data 
and lower screen data to be ou^t virtually simultaneously 
in one word units. 

In die embodiments described above, the present inven- 
tion was applied for the storage of multiple planes of image 
data or the storage of double scanning image data, but the 
present Invention can also be applied to any other storage 
method in which image data is stored in differing data areas. 

In these cases as well, as in the embodiments described 
' above, the address conversion should t>e executed so that the 
recognition addresses for recognizing a data area are moved 
to the lowest address portions in the multipoct video menKsy 
4. and the address bit portions odier than these recognition 
addresses are shifted to the next lowest addresses following 
^ these lowest addresses. 

What is claimed is: 

1. Ao image data memory control unit for storing the 
image data of a phirality of planes in a mult^wrt video 
meokocy Including a memoiy camponent having a random 

25 port for reading and writing data dieretfarough in response to 
input address signals, and a register component having a 
serial part for Quitting data that have been stored in the 
memory component serially in sequence from the lower 
address in synchronicity with mput dodc signals, 
30 wherein the image data memory control unit con^mses: 
an image processor for outputting address signals in 
which the most significant hit portion is a plane 
recognition bit portion that recognizes the plurality 
ci planes, and for outputting die Im^^e data of the 
35 plinality of planes theretfirou^ to the multiport 

video mcmc^ in response to the address signals; and 
address convcnion means for converting the address 
signals ou^xit from die image processor so that the 
plane recognition bit pcxtion is moved to the least 
40 significant bit portion, and the remaining bits are 

shifted to higher significant bits following the least 
significant bit portion. 

2. An image data memoiy control unit for stcring image 
data of double scanning display regions which are divided 

43 into iqiper and lower halves, in a mult^ort video memory 
ioduding a memory component having a random port fo£ 
reading and writing data therethrough in response to input 
address »gnals, and a register con^neat having a serial 
port for ou^Mitting data therethrough that have been stored 
50 in the memory con^Kxient serially in sequence from the 
lower address in synchronicity with input clock signals* 
wherein the image data memcsy control unit cocnprises: 
an image processor for ou^xitting address signals in 
which the most significant bit is an upper/lower 
55 recognition bit ttiat recognizes whether the image 

data arc in the upper or lower region, and for 
ou^tting the double scanning image data to the 
nuiMport video memoiy in response to die address 
signals; and 

to address conversion means for oonverdng die address 
signals output from die image processor so that die 
upper/lower recognition bit is moved to the least 
significant bit, and the remaining bits are shifted to 
higher significant bits following the least significant 

65 bit 

3. An image data memory control unit for storing image 
data cS double scanning display regions which are divided 
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into uppa and lower halves, for a i^urality of planes in a 
multipoort video memory induding a nocmory con^Kmcnt 
having a random port for reading and writing data thc^ 
tfarou^ in response to input address signals^ and a register 
conq)onent having a serial port for ou^Mitttng data ttiere- 
thiougli that have been stored in the memoiy component 
serially In sequence from the lower address In syncfaronidty 
with input dodc signals, 
whodn the image data memocy control unit oonoprises: 
an image processor for ouQMitting address signals in 
wfaicfa the most significant bit portion is a plane 
recognitiott bit portion that recognizes a plurality of 
planes while an upper/lower recognition bit that 
recognizes whether the image data are in the upper or 
lower region is in a position lower than the plane 
lecognitioD bit portion, and for ou^tting the double 
scanning image data for a plurality of planes to the 
muMpcrt video memoiy in response to the address 
signals; and 

address conversion means for converting the address 
signals ou^t from the image processor so that the 
uppo/lower recognition bit is moved to the least 
significant bit the plane recognition bit portion is 
moved to a higher tat portion following the least 
■gigirifirant bit« and die remaining bits are shifted to 
higher bits following the plane recognition bit por- 
tions. 

4. An image data memory control unit foi stCMing image 
data of dout>le scanning di^>lay regions which are divided 
into vpper and lower halves, for a ]durality of planes in a 
inultip(»t video memoiy induding a memory con^xnent 
having a random poti for reading and writing data there- 
through in response to input address signals, and a register 
conqxjinent having a serial port in which data that have been 
stored in the memory cosBpoocnt are ou^xit serially in 
sequence from the lower address in synchronidty with input 
clock signals* 
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wherein fiie image data memory contrt^ unit comprises: 
an image processor for ou^utting address signals in 
which the most significant bit portion is a plane 
recognition hit portion that recognizes a plurality of 
planes while an uppei/lower recognition bit tfiat 
recognizes whether the image data are in the upper or 
lower region is in a position lower than the plane 
recognition bit portion, and for outputting die double 
scanning image data for a plurality of planes to the 
multiport video memoiy in response to ttie address 
signals; and 

adxlress conversion means for converting ttie address 
signals output from the image processor so that the 
idane recognition bit portion is moved to the least 
significant hit« the uppei/Iower recognition bit is 
moved to a higher iHt portion following the least 
significant bit, and the remaining bits are shiited to 
hi^ia bits following the upper/lower recognition bit 
5. An image data memocy control unit for storing image 
data in a multipQit video memoiy including a memocy 
component having a random poit for reading and writing 
data therel far ough in response to input address signals* and 
a rcgisler oonsponent having a serial port for outputting data 
that have been stored in the memoiy component serially in 
sequence from the lower address in syndnonidty with iiqwit 
dock signals, 

wherein the im^e data memory control unit c<xiq)rises: 
first data arrangement conversion means for moving a 
recognition address that recognizes a data area to a 
lowest address of the nuiltqxHt video memory; and 
second ^ata arrangement conversion means for shifting 
address bit portions other than the recognition 
addresses to higher addresses following the lowest 
address. 
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